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'OusidiD Releasing Peptides irom Sldn Seeretioit4Sln£qplmri^ 

The presond: invmtioik rentes to dss discovi^ of novel insulin-rfllcasiiig peptides in 
the 9ldn secredons of amptnbiaxia and tboir pcstcsistial use as sthnukbots of pancreatic 
beta cell fbnotion milietrealmem of diabetes mcUitus. 

Ain{duhiaii skin containa two lands of seciotoiy glands. Mucons st^aod^ are distributed 
tbrovghoQt the body, and their secretions mainly piovide the moist co&ttng neceesaiy 
for cotaneousiespjxation. The gramilar glands, also known as seii^iis or poison glands 
may be distributed or coticcntrated in certain areas of ^ body. The secretions fioxn 
the granular gland$ of anurans (fix^gs and loads) have bera shown to contain 
pbannacologically active substan.ces ranging fiom simple amines such as 
isorepinopliDjad and histamine to biologically active pq;stides, pipeddiDie and steroidal . 
alkaloids, bnfodiecolides and tctrodotoxin [1-2], These eonipomids are fhought to ' 
play various xoles, dtiber in the xegolation of physiolo^cal functions of the skixH or in 
defence against predators or znlcrooiganisma [^^l* 

During evolution some of these agents^ or clAsely related daughter molecal^^ loay 
have taken on distinct physiologica] roles in hnmana. It follows (bat 
phatmacologically active substances isolated fiom fbc skin seorctioixs of fbo^ and 
toads may be useful fbr the treatment of human climcal disease such a5 diabetes 
mcllitus. 

The invention will now be dcmocstratcd with reference to tbe fisllowiog non-limiting 
examples mi the accompanyix^ figures wbo^ 
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Hgow 1 illnstotes that sani-preparativc CIS HPLC fiactions of the sikhx secrctiDM of 
Agafychnis tdlcarffer stimulate isBulin accidiaQ ficm BfilN-BDll cells. 

Figuie 2 fflustEates that semi-pr^arative CI 8 HPLC ftacdons of the skin secretiona of 
Agafychnifi litodbyas stimxilate insulin soczedon finom BRIN-BX>11 cells. 

Figure 3 illustrates that scmi-prepaiative CIS HPLC ficBCticns of the skin secretions Of 
Bombina vcmegata stiinqlate insulin secretion fiom BJUN-BDl 1 cetla« 

Figure 4 illustrates tbat setm-preparatcvc CI 8 HPLC £:actions of the skin secretions of 
PhyOom&baa trinitatfs stimulate insulin secretion from BBIN^BDl 1 cells. 

Figure 3 illustrates Ihtf seau-pr^arative CIS HPLC factions of the skin secretions of 
Rana palustris stMiatc insulin secretion fiom BIUN-BDll cells. 

Figure 6 illustrates that sesm-i»rcpaxative CIS HPLC fcajctioris of the skin secretions of 
RanUpipimis stimulate insuliD se<»ction firoto, BRIN-BDll cells. 

Figure 7 illustrates tbjat scmi-prepaiativc C18 HPLC fractions of tho skin secretions of 
Ram saharica stibnuktc insufin secretion firomBHlN-HDll cells. 



Figure S iliustzates tlie depetodence of the sdmiiiaiory enects of 1653.2 Da purmcd 
peptide (peak 1.10) flom Agatydhnis calcartfer on intracdtular pathways mediated by 
jyjrotein kinase A (forskolir^^ protein kiosse C (PMA) or pertussis toxin-sensitive G- 
pTDteins. 
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Figaxe 9 Uhistraics lbs d^endenoc of the stmnilataiy efibcta of 1641.7 Da, 1662.6 
Da. 1619.8 Da flod 1650.5 pforificd pq>tides (peaks 2h 22, 23 and 24) flrom 
Bombina varlegata oa idraccUvliir pathways mediated by protein kinase A 
(fistakolmX proteh kinase C (PMA.) or pcrtossdls toxm-scnsitiye Q-protcins. 

Figure 10 Ulustraies the dqpendence of the stimulatory effects of 4920.4 Da and 
4801^ Da putLficd peptide (pealcs S.l asd 5^) fiom Rana saharica on intEQceUuIar 
patttwaj^ mediated hy protdii kinase A (forskolin), protein Idiiaae C (PMA) oi 
pcatussia tox)A--aensi^ 

ISXAMPLEl 

Collection of sMd secretions: Captive Incd QfAgafydtnts calcarffer, Agafychnis . 
lUodryas, Bombina vartegata, Phyitomedusn pimtatis, Sana pahestris, Rana pipi^^ ; 
and Sana saharim wcic maintained in terraria at 24 ""C with 12 h/12 h U^ht/dark^ 
cycle and ficd on €rid;et3« The skin ^c^ons were obtained fnom groups of fcm 
amphibians £rom each species by gentle electiical stimulation (4-018 pulse widlihf 50 
H^5V) using platmumelcctrodra nibbed over the xno^ 

lOs. Secretions were washed off into a glass beakor^ using deionised water. Tb^ 
resultant secretioos were fieeze diied in a Hetosicc 2.5 £rccze dryET (Heto^ UK). 
Approximately 50 mg, diy wej^t^ of skm secretion was obtdti^ foe each speciea. 

Furific^tf on of peptide: LyephUized erode venom (20mg) from each species was 
dissolved in 0.12% tzifluoToacetic acid/Wer CZmf) and 1 ml of it waa 
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chromaicgr^lied on a Vydfic 218TF510 sCTiH^icpaiativc C"18 colmm (25 x Icnii 
Hcsperia. Califeruia, USA). The column was cqwflihjatcd with 0.12% (v/V) 
tdfLudtoaccdc add/water at a flow xatc of Ziml/miiL Using 0. 1% (v/v) TFA in 70% 
acetonitrile/water, conceotration of acctonitrilc in ttie clutisg solvent was xaised to 
80% (v/v) over 80 xxun using Hnsar gradients. Absoibance was momtoTcd at 214nin 
with coUectioxL of 2ittl fiaotionB. Fractions wMoh diowed m^or insulin rcle^iJOg 
activity were pooW and rechromatogfaphed nafaig a Vydajc 208TP54 analytical C-18 
column (25 x 0.46 cm>. The cohmuL was equtlibiated with 0.12% {v/v) trifluocoacetic 
acid/water 3t a flow rate of Iml/mirL Using 0.1% (v/v) TFA in 70% 
acctomtrilc/water, iho concentration of acctomtrile in th? elating solyent was raided to 
15% (vAr) over 5 »un and to 80% (v/v) over 70 rain uaing linear gradiente. 
Absoibance was monitored at 214nxXL 

Cnlture of insalin-semitliig celb: Clonal lat insnlinr^ecrcting BRIN-BDll cells 
were culture in IlPMI-1640 tissue eultoTb medium containing 10% (v/v) foetal calf 
scrum* 1% (v/v) antibiotics (100 UAnl penicillin, 0.1 mgtol strcqptomycin) and 11.1 
mM gtaiooae. The production and chainetensafcion of BRIN-BDll cells btq describod 
elaewlicre [5]. Cells were maintainod in stexilc tissue culture flasks (Coming, Glass 
Works, UK) at 37 'C in an atmosphere of S% COj and 9S% air using LEEC incubator 
(LaboraJtory Technical Engineering, Nottingham, UK). Tn three exp<»imental scried 
using purified peptides front Agafychnis calearijir, BambPuz varicgata and Sana 
sphmica colls were euiuifed ovonngiiL with 25 \M j^skulin^ IC nlvl PMA uf G.l 
IJg/tail pCTtnssis toxin prior to acute te^. 
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Acute Insnlixi release studies: Tnsvi&n icleasc fiom BKIN-BDl 1 cells was dcteamncd 
using cdt sumolayians [5]. The cells wcso hatvcsted with dia aid of tryp^k/EDHA 
(Gibeo), seeded into 24-imjltiwdl plates Qiimc^ Rosklide, Desnoaik) dt a dcaisity of 
1*5 X 10^ CCDs per well* and allowcsd to attach cvcmighL Priox to acute test, teHs were 
pteincubated ibr 40 xnin at 37 "C in a 1.0 tnl Erebs Kisgisr bicdrtsonate boffer (U5 
mM NaCl, 4.7 mM KCl, 1.28 mM CaCfc, 15 ittM KHaPO^, 1,2 mM MfiS04, 10 mM 
NaHCO), 5 sfl boviae acnnn albmnio^ pH 7.4) supplcmcss^ed witli 1.1 mM glocose. 
T«t incubations we perfbxmed Jfor 20 min ai 37 ^^C using this $ame bu£S:r 
supplemented with 5.ti mM glucose in tbe abadoce (control) md preseaco of various 
veupm ftactions^ pealcs (eqmvalejxt to apptox. 2S]j1 djded HPLC £paction) or test 
agcmts as indicated in tbc Figdies. Cell viabitily afto 20 nxiii test ii»iubaliQiis was 
asse$sed by modified ncEuiral lod assay [6]. After incubatioti, allquots of Imfibr were 
removed and stoxed at -20 ^0 for jjCLsulinradiomimmunoassay [7]. 

Molecular mass determiBadon: The luplccular masses of fiie purified individtial^ 
noii-to?dc peaks odiibiting insulin leleasing activity were detctmiaed using Matrix. 
Assisted Laser Desoiptioiii ItonisatioibTlmc of Fli^t (MALDI-TOF) xnaaa 
spectnometiy. jEleottospray looisation quadripole ion-trap Mass Spectrometry (ESI- 
MS) was used Sxt Agafydmis ccdcarifer, Bombma yarie$jUta^ Rona pipians and ^na 
saharica. Masses w;Gre recorded ajcid comparod v^th theoictieal values calculated by 
the peptide calculatoij, a coinpuicr software package. 

BepyTOiglutainatlon: Wberc nccessaiy {Bombina varieg^a\ pyroglutamato at the 
tenninal was leanovcd by 25 jil of pytoglutamate am£nopq>tidase picpaiaiion 

(SOmM Na2HF04, lOnxM P-metcaptoetbanoU 1 niM dithiotfareitol, and ImM EDTA 
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adjusted to pH 7^ with H3HPO4) conJataing 0.4 mgfal pyrogjutomate 
ooinopeptidase to lODpl of the lypophUised p^de. The teaclioiiimx was iiCiibatoi 

for 2 hours at 37 'C and then stored «t -20 "C for subsequent amioo add 

deteaniuBticm by Edmatt dt^rodatitHDu 

Stnictimil analyab by antonuited Edraan degradatloB: The pcin»ry stractotes of 
tbc pudficd pejptides wew dctertnined hy automated Bdman degtadation. ustog an 
Ajiptled BiosyBtaJJS Piwasc 491 miorosc^iWDccr. Standard operating proccdnrea were 
used (AOTHed BioajBtemB Mcdd 491 Ptotein Seqiiencera Users MaanD' Th© Iterit 
for dctectifttt of phonylthiohydantoin amino adds was 0^ pmoL The primary 
altnotDKes were oompiiKsd with Arose deposited to the SWIS SPROT™ database. 



Statistical analysis: Results are expressed as meaw ± S.EM. Values were compared 
uidng Studcnfa unpateed ^tesL Groups of data were considered to be significantly 
di£EQrentifP<0.05. 

Resalts 

Isolation, mass spcetromctry and sequence analysis of Insaiin-rdeastog releasfag 
peptides! SWn aacretions from the various amphibian sfpecies were purified by HPLC, 
yielding in each case multiple ftactiom that were subsequently sdceenod fer in vitro 
biological acti^iy using BRIN-BDll cdls. Tha insulia-relcasing profiles of peaks 

etaagtog fiom fl» primary HPJJU sqpaiaiiQfl are ilu»ui««* ^b...,—" ' 

Agatychnia Rtoebyas, Bombina varie&tta, Pfyaometiaa trfnUatis, Sana palustris, 
Sana p^iens and jRaao saharica in Figs. 1-7, respectively. 
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The major pcals^s of iiiSTiliiweleasiQg activity were sobjected to flirOier HPLC 
pioification stq>s» giving nsc ultimately to the Uoktioa of purs pcpti4e3 wiiih ptovm 
tnsuliziotzopic activity (Tables l-T). Vfbm sufficimt sntoplo was availahle^ molecular 
masses and eifiu^ partial or complete sequences weae detmnined ftr each peptide as 
fiuimnarised for the varioii$ amptxibian species to Tables 1-7. tnstadccs where a 
co^lete sequence was obtdned, the theoretical (calculated) molcculflT masacs of the 
peptides were shown to coocsponded cloaely to the cxp^dmeotal masses. This 
indicates the absence of any post'^tcanslational modification of conj^tuotf amifio 
acidSy such as pbo&fphotylatioiv sulpbatioa or glycstion. 

Six of the hisiilinotxopic peptides have proved to be established stroctnaces. Peak 4-1 
fiom Rana p^iens was identical to pipinh>l. peak 23 fiom Bombim vearies^ta to 
bombesin, peak 2.10 fiom Phyllomedusa trintiatis to dctmascptai BIV piecijmor {md. 
peaks 5 Ay 6.5 and 8.3 fiom Rma saharica matched JSaculatin-lB, ^xievimn-^BC aDd 
BrevininrlE respectively. Wiib these few exceptions, all other insulin-xeleasing 
peptides were novel structures as established using tihe SWISSFROT^ daiabasc. 
Evcai the iUnctioa^ observations with pinimn-U deimaseptin BIV ptcouraor. 
esculentin-lB and farevima-2£C end IB were novel as these were totally unsuspected 
insofiaideasing pq>tidea. 

Modest sinDilaii^ existed between some of the isolated iosulin.^releasiog peptides and 
amphibiaa antunicrobia.) peptides that are imsuspected iosufin secreta^gues snch as 
brevinin, deimaseptifi, Rugosin A and ttyptophyllin. However, unlike the latter 
agents, m evidence was obtained of cell 1yds qx a toxic action fliat aocoont for 
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msulin scaetifin- HwJ the peptides lepoited hacem i^pear to act thioii^ 
jitiy^iossaL m- ^''^'''^ piooeases contxoUrag exocytosis of insnUn- 

To support fliis view, fai&^ stadias were earned out xiang purified pqitides torn. 
Agafychias calcarifer, Bombim variegata and Xana saharica to e}iaaao& cellBlar 
meclhanisins undeiiymg the stimulalion of inanUn scoxetkin. The staftnlatoiy effects of 
the 1653.2 D4 peptide (peak 1.10) fiom Agalychnia eedcanfer (Figure 8) and 1641J, 
16fi2.6. 1619.8 and 1650.5 Da peptides (peaks 21, 22, 23 and 24 respectively) W 
Bombina yeriegata (Figure 9) were aboliished in eeJls cultured ovemi^ vilk 
foisilcDlin to deseosiiise die cyclic AMP-piotdn Idnaae A paflxway. Overnight culture 
with PMA or peitu5$is tcadn did not affect the insulixwjcleaslng ability of the pqitides, 
soggBStiug Jack of mvblvemfint of picotcin kinase C or G-protdn dependent paJhwaya. 

Overnight cultare with foiskolta or PMA resulted in the abolition of the aoute 
stiajulatory efifocts of fiaskBlln or PMA, respectively CFiguwis 8 and 9). hxtBrostingJy, 
the insoJitwaleasmg action of the 1653^ Da peptide fl»m A&i^ydi«is aOceafer and 

pcalA 21, 22, 23 and 24 fiom Bomhina vari^ata war© not affected by 50 jiNI 

yaa^wSi and were doady ewdaat in ceDs d^olaiised vith 30 naM KO CTabliss 8 

and 9). 

The sthnulfllory efifcets of fto 4920.4 and 480i;i Da peptides (peaks 5.1 and 5.4) Sam 
Ram sahari&a were aboKahcd m <»lla onltuiod ovemigjit with forakolm, PMA or 
penussvs loxm y?igiws lu) umivtwu^ luw u-iu ^^-^ — ~ — * - - — »■ 

and pertussis toxinrseasitive &potcin in thwx stittmlatory actions. As shown in 
Table 10, the insulin releasing actions of the isolated peptides were not inhibited by 
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also clearly evident in ccns depoUriscdby 30«»M KQ. 



Biscnsdon I 

"^'»°* 

■if 

^ CH»»i» pa«>«^ <° «^ """^ 

icC. 
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it is fipparent ftom tbe insulBft gtmulatoiy cffeciB that specific recq>tor3 must exist for 
flieac amplubian peptides m xnaxmii^liBii lOsulin-secretiiiB beta cells. This gives rise to 
two major radMghly MvcliwJX-cxcluslvoposslbiKt^ The first is th«t tbcso iiisulin- 
teleasing anapMblaa peptides Imva homologous or olosely related mOTamalian 



coiiQtcr-patts- 

The second important possibility adsing ftom tMa rcscafch is that fte travel 
amphibian peptides descrtbed in Tables 1-7, or dftOihter molccultss thereof may offisr 
a flwsrapcutically usoM tncans of treating insulin secretory dyafimction and other beta 
cell disturbances typical of diabetes in humans, Diabete$ is predicted to reach 
epidemic proportions tbrou^hottt the world in fee next 20 years and current ticBtmejita 
do not restore nomaal glucose homeostasis, Aerein resulting in deblfitating diabetic 
complications and premature death. Amphibian peptides may iibm:forB bo a nsoflil 
addition to the theKapcuiic arsenal finr use dllhcr ahwis oi ill combination with oflusr 
agents to improve diabetes control and decrease the risk o( associated compUcaticxis. 
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CLAIMS 

1. The fbUowing peptide structures as stimnlaiDis of issnlin secaetion and. | 

pancieaiic beta cell fiinotiaioi: ; 

(a) KRKPLFFUPRPK (peptide 1.10, Ags^hnis calcmj&r) I 

(b) MIUVnVSEKIMGD.. . (N-tenmixus of peptide 1.7» Agalychnis litodiyas) \ 

(c) AVnwa)ELKOT<aC<U.GKAVLNS^ (peptide ZS, Agalychiris j 
litodiyas) j 
(d}F^-QBLGHQWAVGHXJ»<unidftted (peptide 21, Bo^^ { 

(0) Pyr-DSFGNQWARGHFM-amfibted (p^dds 22, Bombina variegata) 
(f) GKFFypmVFEDM (pq^tide 24, Bombina variegata) 

lYNAICKKHCNKCKPGLlLAN QjQptide 25, Boinbina vaiiegqta) i 

(h) XXPLAPFFQAYFK... (N"tenniims of peptide 1.8, PhyllodiedBaatdnltatis) . I 

(1) ALWia>ILKNyGECAA6iC\VLNTVTBMVN (peptide 2.10^ Fhyllonfidusa ^ 

(j)ALSIUlGLEKLAIGM[GIALTIVCKATKKC(pq>tide3.S,Itai& . 
Ck) FLPOAiGVAAKVBIPKIFCAISKKC (iKptidc 4.1, Sana p 
O) KGAAKGLLEVASCKLI5K3C ^)cptido 4.22, Rana B^barlca) 
(nO GIFSKFGBKiaKN]XlSG]UK74VGK^ 
(peptide 5.1 lUoa aafasxica) 

(n) GIFSKLAGKIOJaNUJSGJLKNVGiaBVGMPVVI^ 
(peptide 5.4 Roia saharica) 

(o) GILSTIia>FiUKAGiGGAAKGLX<E]hLUOCLSGQC (jp^de 5.6, Kaoa 
sahatica) 

(p) GniJiKLKIWAKTAGKGVLQSIXNTAiSCKLSGQC (peptide S^, Ram 
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I 

saharica) 

(q) JliPLIAGIAANFLPKIFCKITIOCC (pq?tidc 83» Ram sahflrica) 




2. BreviniuSy dcnnaseptii^ soA escaLantlQs as peptides thst stamtdflte IbbuHxi 
scot^Otl by activation of physiological st^mnliis^ecrctioii coopUng pathways i^fltor 
Hm by antimicrobial actioa involviog cell lysis. 

3. A peptide as dajmcd in dauns 1 and 2 witli at l&st one aoiiflo acid 
modification by insertion of &tfy add at ttie alpha miino graiq^ of nadve aixiino acid 
or at^ cpsilon amino group of a substituted lysiao residue. 

4. A peptide as claimed ia claim 1, 2 or 3 baviag at teast one amino acid 
substitutiott and/or niodificationincludiii8N-glycatcd,, N-aJk^^ 

acyiatcdp N^iaopropyli or N'ltyroghitamyl amino acida. 

5. Uaeofap^tideasclaimedinanyoncofclajbw 1 to 4 in the preparation of 
a medicament to sfimulata insulin secretion and/or niodeiate blood glucose 
excursions. 

6. The USB of a peptide as claimed in any one of claims 1 to 5 in the 
preparation of amedicament for ttc^tmcnt of type 1 or type 2 diabetes mcHitiis, 

7. A phaimacBiitlca] compodtion including a peptide according to any one of 
claims 1 to 6, 
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8. A phatmaceutical compOsitiDn usefbl ifli Uic treatment of obcsily and/or type 
2 diabetes v^hich cojcttpiises an effective amount of a pqptide as dsimed in aoy of 
claim 1 to 7 in adanxtuze witih a plmctiamiticany acceptable excipieint fi»: deUvecy 
ibtoo]^ transdtittnfll^ zxaaal inhalation, oral or iiyectfid routes. 

9. A plmnnaccuticaL conoposition as daimed in claim 8 vAMx fizrtber 
comp^es one or j»orc sQlphosyliireas, .megUtiiudesy metformiTi, and/or 
iiiiazolidincdiones. 
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Fl^ PR. and Bailey CJ 1981 Abnormal plasma glucose and insulin tosponses 
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•Mile 1 fiuniHn accrrtion. oxpwim«a4al jnolBcnlar mm aoimo add sequence, 
dabCbase comparison and fteotetical molecuJar lo^^ss of individual peptides isolated 



fiom Agofydtnis etdeatifar. 



Peptble 

ro 

Mone 


Insutra release 
(ng/lfi* iteDsaOnibis) 

1.71 ±0.12 


Experimental 
Mas9(<}a> 


Amino add 
sequence 


match 


Tliearedoa) 
(Caleablted) 
Mass CDs') 


1.3 

1.17 
1.1$ 


2.52±0J23** 
2.61*0. IX** 

2.10 i 0.15* 
2.52±0.05«" 


ND 
ND 


RRKPI^FPFIPRPK 

Nosequsnce 
Noscqueni^ 


No 

Malch 





Table 2 HMuliix BoctetioD, oxperimeatal molecular mass, anaino add scqusnw, 
database conipariswffl. and theMctioal nwlccular mass of individual peptides isolated 
fitom Agafydmis litoiryas. 



Peptide 
ID 


InsnUn relcflse 
(ns^lO^cells/ZOmuis) 


Mas»(Da> 


Amino add 


Database 
match 


TheoTetfcal 

(Csilcailated) 

MassfDft) 


Node 
1.7 


L95±0.ie 




^,.(Iiisiiaicicnt 
sample) 






2.9 


7,4«± 0J)8*** 


303O.D 


AVWKDFLKNIGK 
AAOKAVLNSVID 
MVNE 


Bermoaept 
inBlV 
precursor 
79% ID 


3019J5 



IncQbatioos woe perftmnad at S.SttiM gjnooac. Vatoes are meaxi ± SBM for 3 
separate observaliens. ••P<0.Ol and «**P<0.001 compared wiJh 5.6niM glucose. ND 

. - _ «2_-J- i>uiM» -^^4*^ ,4«»«o4a cxmrno ncWn: A. AIa! R. AxsI N, AS!1Z 

Asp; C, Cys; E, Glu; Q, Gto; G. Gly: H. His; X. Hyp; I, He; Lciu K, Ljs; M, Met; 
F,Phe;P,Pro; S, Ser.T.nir, W, 1^; Y, Tyr, V, Val 



16 



ir-mv-cikja3 17:,S FRDf1:ULBRP INNOU CTRE ■M4 eSBTOS 80018 



TO:90163:Si4444 




Table 3 InsuKti sectetiaa» expediaczital molonilar mass^ amisp add aoquenocp 
database eofoparison and theoretical molasular mass Of ifidividud peptide isolated 





InsuUnrelMse 

f ne/lO^ CBlIs/20]inliu'> 




segneoM 


Database match 


Tlieoiretlcal 
(Calcolat^) 
Mass (Da) 


None 


1.74 ±0.08 










21 


4.66 ±0^*** 


l«4t.7 


QHLGHQWAVG 
WM<uimlated 


Bombesin 
93% ID 

rBis)*Boinubestn 


1542.7 


22 


4.75±0.13«* 




DSFGNQWAnG 
ESM-anddated 


Bombesin 
72% ID 


16«2,9 


23 


5.67 ±0^** 




Pyr- 

QRLGNQWAV6 
KELM-amidated 


100% ID 


1620.7 


24 


4JO±0.20*** 




GKPFypPPIYFE 
DM 


Tryptophyllin 
57% ID 


1650.9 


25 




2300.0 


lYNAICPCJaaCN 


No 

Match 


2299.8 



Table 4 JxmUxi sccrelion, e^tpcziinfiatal joiotecular.iaass. dmino acid dequence^t 
database compaxisoa and fiieorcdcal molecular mass of individual peptides isolated i.. 



reptide 
ID 


Insulin Tdeaiie 
(ngllO'' celbf/ZOmiiu) 


Mass (Da) 


Amino add seqnciue 


Dat9l>nse . 
Match 


Tbeoretfcal 
(C^lcalated) 
Mass (DtC\ 


None 


1.47 ±0.04 










1.8 


2,48 ±0.37** 


8326.4 


XXPLAPFFQAVFK 
..^iBsufi'tcieiit sample) 






Ul 


2.10 ±0.16** 


3379.9 


MD 






2.10 


2JS6±0.34** 


2!»&4 


ALWKDBLKNVGBA 
AGKAVINTVTDMV 
NQ 


Dcnnsscpttn 
BIV 

precnKor 
100% S) 


2998JS 
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Table 5 tasulia secwHon, raqjedttcntal molecular mflffl. amtoo add scqumce, 
database cenq«risoi) and theoicticsil molacuJar niass of individual peptides Jaolated 
ftom £o»a pai«stri& 



P:21<: 




Peptide 
ID 



2.6 



%1 



3.1 



3^ 



4J 



AA 



Insullni release 
(ii^0'ee1ls/20itiiwi) 



1.467 ±Q,04 



1^3 ± 0.23*^ 



4.14±0.40'>*1, 



2.12AQ.09*** 



Experimental 
Mass (Da) 



ND 



SS604 



4919.9 



7ms 



l.a7AQ.0g** 



3848.7 



MP 



Andno add scqiKPee 



ISD 



AISILRGLEKLAIC 



MGIALTNCKATKK 



ND 



Database 
match 



Theoretieal 
(Calenlated) 
Muss (Pa) _ 



IBrcvinin-l 
(46% ID) 



Table € fosidin secretion, expcrinwittal n)olccul« mass, ainiiio add sequence, 
datebaae wiuparison aiid theoretical molecular tnass of Individual peptides isolated 
from Rampipiens. 



Peptide 


Insulin release 


ExpeTim«nta] 


Amino acid 
saqiienCC 




TheorBticnl 
(Calculated) 
Mais . 


None 

3.1 1 

4,1 




5125.2 
2562.6 


ND ^ 

FUPIIAGVAAKV 

mPKCFCAISKKC 


Pipinin-X 
100% n>) 


2563^2 



Inp,d,atioDS were performed at 5.6inM gbeose. Values' are mean ± SEM for 3 
acpaate observations. »*P<0.01 and *«*P<fl.001 compared with 5.6mM ghu»sc. ND 
ietter-eede-dBBgte-^iBo ^< 1« : A, Ma; 3SU Ajk N> Asn; D. 
A5p; C, Cys; E, Gh»; Q, C31BJ G. Gly; H, X, Hyp; I, He; L, I/ni; K. Lys; M, Met; 
P, Phe; P, Pro; S. S cr, T, TCbr, W, Ttp; Y, T^r, V. Val 
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Talkie 7 JdsoHq secretios, experitCLCiM molcoular mass, mioo aoid sequGoc^^ 
database compadson atid theoretical molecular mass of individual peptides isolated 



Peptidfi 
BD 


]jisiifiarelea«ffi 
(ng^O* eells(20iiiiiis) 


Experimental 


Amino add sequence 


Database 
diatBh 


Tbeorcdicai 
(CalcnlatedQ 
Mass (Da) 


None 


1.87 ± COS 










4.14 


3.15±0.23'* 


ND 


ND 






4.18 


3,52 ±0.21*** 




ND 






4.22 


3.47 ±0^0*** 


1892.6 


KGAAKGLLEVASC 
KLSKSC 


RngpslnA 
6&4%ID 


1891.2 


4J3 


425 ±0^7*** 


2930^ 


AVrrGACEKDVOC 
(inajjEBotent sanqile) 


Frollein 
A/BV8 
78% m 


2322.6 


426 


3,0g±0.19-« 


1433.7 


ND 






4^7 


3.09 4 0.23** 


ND 


ND 






4.28 


3 19±0-08*** 


NJ> 


ND 






S,l 


3j2±o:zz*** 


4920.4 


GirSEflPC^lKKIKNL 
UlSGLKNVGKfiVG 
MDWRTGIDIAGC 
KKKGEC 


Esculentln 
-t 

98% ID 


4919.2 


SJ. 


2.9S± COS"** 


3404.6 


NJ> 






5.3 


2.34 ±0.1 5** 


MD 


ND 






5A 




4801J 


GIFSKLAGKKLKN 
LUSGLKNVGKEV 
GMDVYRKSDDIAG 
CKLKQEC 


Esenl^itliii 
-XB 

100% ID 


4S0O.8 


S.6 


2J«±W7** 


3309J 


G3XJSTIKDFAIKAG 

K6AAKGLLEMA5C 

KLSGOC 


67%ID 


3309H). 


li.5 






GILLDKLKNFAKr 
AGKGVLQSamA 
SCKLSGQC 


BrevtniB'- 

2EC 

1QD%ID 


3519.2 


6.7 




3119.2 


ND 






S3 




2€7«J> 


FLPLLAGLAANJ^LP 
KEFCJOrrSKC 


BrsnriiliA" 
IE 

100% ID 


267ti.4 



Mcxibatiotts wore pcdbnaed at S.CpoM glucose. Values are moaa ± S£M fin: 3 I 
aqwrata obscrvstlans. **F<a01 aad ***F<0.001 compared 5.6mM glucoac. ND 
» Not detected. Single letter Qode denote amino add$; A, R, Ai:^ H -Asn; D, 
Asp; C, Cyt? B, <ai^ Q» Gto; G, Glyj H, His; X, Hyp; L Ite; U Leu; 
F, PlM^ P. Pro; S, Sen T, Tbr; W, TrjK, Y, Tyr, V, Val 
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Table 8 Eflccts of the 13 ammo acid peptide peak (peak UO) firox Agafychnii 
ciOcar^er on ansulin sccretida fiom BRIN-BDll celb in tte pxesencc of vfiEcapamil 
or a d^l^dsing K** concentratioiL 



Addition 


Insnlin secretion (itg/lO** cdls/ZO mln) 


Gmtrol 


Peak 1.10 


N006 


1.68 ±0.16 


2.75 ±0.12* 


Verapamil (50^ 


1.74 + 0.17 


3.S4±0.20 ^ 
ft** 


Ka(30niM) 


5.32 + 038 AAA 


16.45 ± 0.10 

*** 



Table 9 Meets of peaJcs 21, 22, 23 aod 24 fiom Bontbma yaHegam on iliosqlm 
secEetiaa fiom BRIN-BDll cells in the pmseoce of verapamil or a depolarising 
conccotiatloiDi< 



Addition 


Insnlin scia'elion (ng/lO*^ cells /20 inin) 


Conteol 


Peak 21 


Peak 22 


PeakZS 


Peak 24 


None 


1.69 ±0.17 


3.65 ±0,05*** 


3.23±0.14*** 


3.40 ±0.14*** 


3.31 ±0.20**» 


VeiEepamil 
(SO^iM) 


U4+0.17 


4.25±0.82'»** 


3.05±0.09»« 


3.21 ±0.14*** 


3.08 ±0.29*** 


KCI (30mM) 


5^3 ±0.38 MA 


13.68 ±L42j^^^ 


13.69 ±1.43^ 


15.21 ±1.43f^ 


1535 ±0.41^ 



Acute focubations were perfoimed at 5.6 eoM glucose. VeltifiS arc mean ± SEM for 8 
sepatate observ^ns- *P<0,05 and ***P<0rOOl compai?ed "rofli contcol, ^P<0.01 mA 
^P<0.001 compaced "Witii no additicm. 
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TaUc 10 Effects of peaks SA and 5.4 &am&ma saharica on ilosulin secretion fiom 
BRIKrBDll cells in presence of verapamil or a dc^ 



Addition 


InsnliD semlion (ngfVOf «elIs/20 min) 


Control 


P«ak5.1 


Peak 5.4 


None 


1.69*0.17 


2.96 ±0.32*** 


2.89±0.19*** 


Vocapanui (SOin^^ 


174 ±0.17 


2.88 ±0.28*** 


2.79±0,10*« 


KCl(3QaiM) 


5.33 ±0J8 AAA 


10.11 ±0.81 AAA 


11,84 ±0.98 AAA 
*** 



Acute ijacubations weace pcrfonned at 5,6 inM gliicosc. Values axe mean ± SEM for 8 
scpaiatc observalioOT- ***PO.001 compacod with control, ^^O.OOl compared with 
no add3.lK}n. 

Li^ttds to Figures , . 

Figure X EfEects of wious semi-pxepaiative CIS HPLC fractions of Agafychnisc 
catcartftr crude vcxiovx on insulin secretion i&om BRIN'-BDI 1 cells. Incubations weie^ 
performed at 5 .6mM glucose. Values axe the mean SEM &r 3 scpam'te ob^rvadons. 
*P<O.CHaod ♦*P<0.001 compared wift. 5.6niM glucose alone. 

F.ignre 2 Effects of vatious semi-ptfeparative CIS HPLC factions of Agafychtm 
IHoAyas crude venom on insulin secicdon from BRIN'-BDI 1 cells, Incnbaijohs were 
perfod»fid at 5,6mM glucose. Values are the mean ± SBM fer 3 acpasatc obSCTvations. 
*P<0.0.1and **PO-00l compared vrith 5.6mM glucose alone. 

Figure 3 Bfiects of vadous semi-preparative CIS HPLC fractions of Bomhina 
mijtig^a^ crude venom on inaulin seciQ^^ cells, IncubatioiisvreDe 
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pcxfiymed at 5 .6mM glucosa Vatart are liie mm ± SEM fcr 3 sqarate obsetvations. 
*P<0.01and **PO,00l compared with S.tojM glucose alone. 

figure 4 Effects of various Beim-picepa«tive CIS HPLC fractions of Pl^meiusa 
irt,^ crndfi veawm oa insulin scffl^ 

performed at 5,6mM ghicose. Values ste the mean* SEM&r 3 sepacate observations. 
«F<0.001aiUl **P<0.001 conipaiod wiflhi 5.6njM ^osc aUme. 

]j!gan 5 Bflfccte of various scim-i)tepaiBlivo C18 HPLC fiactions oiRannpabattis 
onide vcncan on insnHn aficiotion ftom BRlN^BDll odls. Jnoubations woe 
peribnned at 5.6mM glucose. Vahws are flic mcaai± fer3 separate obsocvalum 
■trO-Olaod **P<0.001 compart with 5,6mM gluiawo alone. 

Figure 6 Ef&cts of various scniiHcpaHriivo C18 HPLC fiactions ^Ranapipiens 
crude venom on inwlin secTBlion fiom BRIN-BDll ceOs. Incubations were 
petfiamcd at S,6niM gtucoso. Values ate Uw mean ± SEM for 3 sepaiatB observaticns. 
'»p<0.01and •*P<0.001 compaiBd wifli 5.finiM glucose alone. 

I^re 7 Effects of variow sead-pMpaifttive C18 HPLC ftactions of itona saharica 
crude venom on insulin seerotion ftom BIUN-BDU cells. Incobations we 
performed at S.fimM glucose. Values arc the mean * SEM for 3 separtle observations. 
<MT<0.001 compared with S.6mM ^ueose alone. 

ZZ. . _ . ia «iSH DaTjiirifiedoeotide (neak J.10]r 

mgUrC B Acute BilCUio wji A.* »»s' "" »' -~— — • i - • 

fiom Agqfychnis calcoHf^ on fiostolin and PMA eft insulin secretion from BRIN- 
BDll cells cutturxjd ovmngTjt iA the absence (cftPttol) and pieseocc of 25 mM 
fbtafcoHn, 10 nM PMA or CljifiAnl pcitiiaaU toxin. Acute incubations were perfomed 
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at 5j6 voM glucose. Vetoes are the mean ± SEM &r 8 separate obscarvatioixs. \ 

I 

**^<(i.00l compared vdtk 5,6 mM ghicosc alon^ under same oultuxe coxtditions. j 

I 

^P< 0.001 conqrfficed w£±. respective te$t teagcnt follcwtag control caltuxe. '; 



Fignre 9 Acute eficcts of J64i.7, 1662.6, 1619.8 and 1650.5 Da puiifisd peptides 
(peaks 21, 22, 23 and 24) fiom Bambim varie^ta oi^ foiskolin and PMA on insulin 
seciefion fiom BKN-BDll cells cuttuicd ovemigbl iti the absence (control) and 
present of 25 iiM fotskoltn, 10 nM PMA w W|igtoil pertussis tcwdn. Axnrtc 
incubations were perfisnned at 5.6 mM glucose. Values ate the mean ^ S£M for 8 
separato observations. **P<0.001 compaied with 5.6 mM j^tocosc alone under same 
culture conditions. ^P< 0,001 coiupaxed with respective tc$t reagent followicB control 
cntture. 

'Si^Tz 10 Acute efiects of 4920,4 and 4801.2 Da purified peptides (peaks 5.1 arid 
5.4) fiom Rana saharioa on forskolin and PMA on. insulin soocetion fiom BRIN^ 
BDll ceds cultured ov^^t in the absence (control) and presence of 25 pM 
fetslcolin, 1 0 nM FMA or 0. 1 {xg/ioal peitusals toxin. Acute incubations were per&xrmed 
at 5.6 mM glucose. Values arc (be mean SEM for 8 s^tarate observatiat^. 
«*>i?<O.OQl compared i^fh 5,6 mM gluco$e alone under same cultuie condhiona. 
^P< 0,001 compared wifls respective test reagent following control cultuxa 
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■o 





6 12 18 24 



30 36 

Fractions added 



4a 64 60 



Figure 2 illiisttates that senn-iJrepaiative cia wru^ ii»uuuu» m 
^g^fycftnfc stimulate Insoliasec^^ 




Nona 6 



^2 18 24 30 

Fractions addiid 



86 42 'W M a 
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Figuxe 3 iUustxatcs ili£t soni*-^^ 

BoMbfna variega^ stbniilatc iosoSin scdietioja from BRIN'-BDl 1 cdls. 




NonQ 



16 20 M 
Peaks added 



Figure 4 iUustnates that scmi-pieparstive C18 HPLC fitictioxv? of Ac skm sectetioas of 
Phylhm^^isa trtniiatis sdnoulaia insulin ^xretioxl ftom BRIK-BDl 1 cells. 
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Fractions added 



Figoie 6 illustrates that s«x>tprepa«itivc CI 8 HPLC ftwdions of the sWn secfetions of 
JJmflp/;?/fi«r stimulate 




Fractions added 
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Figuie 7 illi«5t£atjcs that sezni-iffepaxatlve CIS HPLC fiactions of tiws skin se£a:etioM of 
Rana saharica stimulate iosulin ^cn^on dom BRIN-BDl 1 




Fractions added 



Figuxe 8 iUttstralBs the dcpdfldcxice of the stimulatoty efforts of 1653.2 Da purifii^ 
pqrtids (peak 140) &om Agaiydmls catcarf^ on iubaccUukr psHhvmys mediated by. . 
protdn kinase A (fowJcolin), protcia kinase C (PMA) or pertussis toxiit-sen^ve G- ; 



proteins. ' ' 5.6 mM Glucose 

g™sa 2SMMFoiSitoliiL 




None (Control) 25mM ForskoUn IQnMPMA PcartussistO}dn(0. l|igtol) 

Oveniigliiciiltiire conditidna 
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Figurs 9 illD^xat^ the dq}&mtenc$ of the stimulatory efibds of 1641.7 Da» 1662.6 
Da, 1619.8 Da and 1650,5 Pa purified peptides (peaks 21, 22, 23 and 24) ftom 
Bombim v^egata on introceUular pathcways mediated by protdn Jdnase A 
(foi^lin), protein kinase C (PMA.) oc p^ssia toxitt-sensitlve Giiroteins. 



Cs 12- 

s 



1 



n 



T 




AAA 



t 
III 

Hi 

:>i! 



I '~i S.6 mMGluiBosd 
iSS^sa 25 iiMFois)a>liii 
lOoMFMA 
Peak 21 
Peak 22 
Peak 23 
Peak 24 






None (Control) 25jiM Fonskolin KWMPMA Pertiwaistojdtt(0. l|igtol) 



Ovendf^ ailtara condltioiu 
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i^guie 10 illusfraies the depen^exice of Ihs stixxtulatory dEfeds of 4920.4 
4S01.2 Da pixdfied peptides (peate 5.1 and 5.4) fiom JS^im? sahoriM <m bttraceUular 
pathway? mediated by protein kmase A (fotskolm), protein Idsase C (PMA) or 
pertussis toxin-sezratjive a-pzotrans. 



3 S.6mM01i3Cose 
2S(iMFQiskDlin 
lOnMPMA 

Peak 5,1 
Peak 5.4 




Normal (Contcoji) 25 Forskx^Iin 



lOnMPMA 



0. l^gteIlPQltussi5tD7dn 



.OverniglLt ctfltnre condition 
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